Lampreys, together with hagfishes, are the only extant representatives of jawless vertebrates and thus of prime interest for the study of vertebrate evolution [1] . Most lamprey genera occur in two forms with divergent life histories: a parasitic, anadromous and a non-parasitic, freshwater resident form [2] [3] [4] [5] [6] [7] [8] . The taxonomic status of such 'paired species' is disputed, however. While indistinguishable at larval stages, but clearly distinct as adults, they cannot be differentiated with available genetic data [6, 7] , which has fuelled speculations that the two forms may in fact represent products of phenotypic plasticity within a single species. Here, we use restriction siteassociated DNA sequencing (RADseq) to examine the genetic population structure of sympatric European river (Lampetra fluviatilis L., 1758) and brook (Lampetra planeri Bloch, 1784) lampreys. We find strong genetic differentiation and identify numerous fixed and diagnostic single nucleotide polymorphisms (SNPs) between the two species, 12 of which can be unequivocally assigned to specific genes.
Lampreys -often referred to as cyclostomes because of their circular mouth -commonly occur as species pairs with distinct post-larval life histories. The so-called brook lampreys spend their entire life in freshwater, whereas their parasitic counterparts, the river lampreys, spend most of their adult life in the ocean or in estuaries and return to freshwater only for reproduction [2] [3] [4] [5] [6] [7] [8] . Whether these two forms are real species or are products of phenotypic plasticity in a single species has puzzled biologists for decades [2] [3] [4] . In the adult stage, river lampreys are much larger and morphologically distinct from brook displayed a 42% higher density of private SNPs than L. planeri (7,399 versus 5,198 ; binomial p < 0.001; see also branch-lengths in Figure 1D ). In addition, the greater genetic diversity in the migratory species might also reflect the larger effective population size and less restricted gene flow. By contrast, we expect resident species to be more prone to genetic bottlenecks and genetic drift due to their reduced mobility.
To gain insight into genes potentially underlying the divergence between the sympatric lampreys, we screened the marker data for loci fixed for different alleles between the two species (F ST = 1), identifying 166 such distinctive SNPs. Making use of the recently published genome of the sea lamprey [1] , a distant relative of the species under investigation, we subjected these loci to reciprocal BLAST searches. This allowed us to link 12 of these loci to annotated genes. Interestingly, most of the genes showing fixed allelic differences between the two lampreys are related to functions that have previously been implicated in the adaptation to a migratory versus resident lifestyle in lampreys and bony fishes. For instance, fixed differences were found in the vasotocin gene, a major player in saltwater-freshwater osmoregulation and also involved in life history divergence [9] , and in the gonadotropin-releasing hormone (GnRH), a key gene in gonadal development and differentiation [10] . We also found fixed genetic differences in four genes related to immune functions, three axial patterning genes, a pineal-gland-specific opsin, a sodium channel gene, and a tyrosine phosphatase gene. These genes are likely to contribute to ecologically based reproductive isolation in this lamprey system, paving the way for subsequent functional and evolutionary analyses. A more detailed discussion of the species-distinctive loci and their possible ecological role is provided in the Supplemental Information, along with a screen for large-scale genomic divergence between males and females in L. planeri.
In summary, we show that the sympatric lampreys L. fluviatilis and L. planeri are genetically highly distinct, and that the regions of strongest divergence contain several candidate genes for adaptation to a migratory versus resident life-style. 
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